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Abstract 
Drug interactions (DIs) represent an important and widely under recognized source of medication errors. An 
interaction is said to occur when the effects of one drug are changed by the presence of another drug(s), food, drink 
or an environmental chemical. When a therapeutic combination could lead to an unexpected change in the condition 
of the patient, this would be described as an interaction of potential clinical significance. DIs can arise in numerous 
ways; such as pharmacodynamic interaction, in which receptor effects of different agents interacts to produce 
synergy or antagonism of drug effects. In pharmacokinetic interaction, the blood levels of given agents may be 
raised or lowered based on the type of interaction. Special attention and thorough monitoring is needed for the 
patients who are predisposed to develop DIs and those on drugs with narrow therapeutic index. DIs can be a very 
important contributory factor for the occurrence of adverse drug reactions and adverse drug events. DIs monitoring 
programs should be initiated and strengthened in order to minimize their occurrence. Herbal drug interactions and 
DIs comprising over the counter medicines should also be considered seriously.  
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rug interactions (DIs) represent an important 
and widely under recognized source of 

medication errors.1 Literatures of drug-drug 
interactions (DDIs) in the 1960s were based primarily 
on animal experiments, with a few case reports. 
Clinical reports seemed to focus on oral 
anticoagulants or on interactions of the monoamine 
oxidase inhibitors only. With practitioners noting 
more drug interactions in 1970s and 1980s, 
publication of both case reports and clinical studies 
increased.2 In this article, the authors provides an 
overview of DIs with special emphasises on drug- 
drug interactions (DDIs). The authors have also 
attempted provide an overview regarding the 
strategies to minimize the occurrence of DIs.  
   
Definition of drug interactions: An interaction is 
said to occur when the effects of one drug is changed 
by the presence of another drug(s), food, drink or an 
environmental chemical.3 When a therapeutic 
combination could lead to an unexpected change in 
the condition of the patient, this would be described 
as an interaction of potential clinical significance.  
The net effect of the combination may be synergism 
or additive effect of one or more drugs, antagonism 
or negative effect of one or more drugs, alteration of 
effect of one or more drugs or the production of 
idiosyncratic effects.4    
 

Epidemiology of drug interactions:  The incidence 
of adverse drug interactions has been estimated to be 
between 2.2 and 30% in hospitalized patients and 
between 9.2 and 70.3% in ambulatory patients.5, 6, 7, 8 
Drug interactions are important in clinical practice 
and have been estimated to account for 6-30% of all 
adverse drug reactions (ADRs).9  
 
A review of nine studies of the epidemiology of DDIs 
in hospital admissions found that the reported 
incidence ranged from 0-2.8%.10 In the Harvard 
Medical Practice Study of adverse events, 20% of 
events in an acute hospital in-patient setting were 
drug related. Of these, 8% were considered to be due 
to DDIs.11 The Boston Collaborative Drug 
Surveillance Program examined 83,200 drug 
exposures in 9,900 hospitalized patients and 
identified 3,600 ADRs. A total of 234 (6.5%) adverse 
drug reactions caused were attributed to DIs.12  
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Although the overall incidence of adverse drug 
interactions is probably quite low (<1%), it is still a 
considerable problem in terms of the global number 
of patients at risk and its potential for morbidity and 
mortality.4 Each year a number of deaths occur as a 
direct result of patients taking a new prescription 
drug in combination with their existing medication 
regimen. A small number of drugs are withdrawn 
from market annually because patients experience 
harmful ADRs. 13 We could not locate the 
epidemiological data regarding DIs from Nepal.  
 
Predisposing factors for drug interactions: There 
are various factors, contributing to the occurrence of 
DIs. This includes multiple pharmacological agents, 
multiple prescribers, use of non prescription drugs, 
drug abuse and patient noncompliance. Various 
patient variables are also implicated for drug 
interactions, i.e. age, genetic factors, disease states, 
renal function, hepatic function, alcohol 
consumption, smoking, diet, environmental factors, 
individual variations etc.14  
       
Although in a limited number of cases, prescribers 
use known interactions to enhance efficacy in the 
treatment of several important conditions, patients are 
exposed to unnecessary risks by the concomitant 
prescription of agents that have been shown to 
interact adversely. Many interactions are predictable, 
i.e. they can be avoided, if the prescriber keeps 
himself updated with the clinical pharmacology of 
the medicines involved.15    
   
Polypharmacy and interactions: Possibility of DIs is 
definitely higher in a country like Nepal where 
polypharmacy is common due to lack of strict 
regulation and monitoring. In a study conducted 
among medical outpatients in a teaching hospital, the 
mean ± SD number of drugs per prescription was 
2.16±1.71 (range 0-10).16 Also, a retrospective study 
on prescribing patterns for 100 randomly selected 
geriatric patients admitted over a period of 1 year to 
the medical wards of the Tribhuvan University 

Teaching Hospital (TUTH), Kathmandu, Nepal 
showed a high prevalence of polypharmacy. In 
another study, during a hospital stay, 73% patients 
received more than five, 54% received more than 
eight, and 24% received more than nine drugs 
concurrently.17  Information and studies on possible 
interactions due to the large number of drugs 
prescribed are lacking in Nepal. It is important for the 
prescribers or physicians and their patients to be 
aware of drug induced hazards, preventive measures 
and management approaches. Polypharmacy can be 
an important contributing factor for the occurrence of 
DDIs. A hospital based study found an ADR rate of 
7% in patients taking 6-10 drugs, which increased to 
40% in those taking 16-20 drugs.18  
  
Types of drug interactions: Broadly DIs it may be 
classified as drug-disease interaction, drug-herbal 
interactions, drug-drug interactions and the 
miscellaneous type.  
           
I. Drug-disease interaction:4 Disposses considerable 
threats in patients suffering from various disease 
conditions involving renal and hepatic impairment 
and other conditions. Conditions that place patients at 
high risk for drug interactions are aplastic anemia, 
asthma, cardiac arrhythmia, intensive care patients, 
diabetes, epilepsy, and hypothyroidism. It is therefore 
always important to assess such conditions and adjust 
the required doses of the drugs.  
       
II. Drug-herb interactions: In the past, very few case 
reports related to herb-drug interactions were 
reported, and many of the reactions could only be 
explained theoretically. Recently, however, there 
have been several reported cases of possible herb-
drug interactions.19 Herbal products can produce 
ADRs likely due to lack of standardization of content 
of natural products, variations in the strength of the 
active ingredient, contamination by fungal organisms, 
and adulteration with other potentially harmful 
natural products. 20 Some of the clinically significant 
drug-herb interactions are listed in the Table 1 below: 
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Table 1: Drug- herbal interactions     

 S.No Herbal drugs (Botanical name) Outcomes 
1. Ginseng ( Panax ginseng)   concurrent use of ginseng and antidiabetic agents 

may result in increased risk of hypoglycemia. 21 
2.  Garlic (Allium sativum) concurrent use of garlic and anticoagulants may 

result in increased risk of bleeding. 22 
3. St. Johns wort (Hypericum 

Perforatum)   
concurrent use of digoxin and St John's wort may 
result in reduced digoxin efficacy. 23 

4. Ginger (Zingibar officinale) concurrent use of ginger and anticoagulants may 
result in increased risk of bleeding. 24 

5.   Gink biloba (Ginkgo biloba) concurrent use of ginkgo and nonsteroidal 
antiinflammatory agents may result in an increased 
risk of bleeding. 25 

 
 
  
III. Drug-drug interactions: This includes both 
prescription and over-the counter (OTC) medicines. 
For example taking the antibiotic Ciprofloxacin with 
antacids lowers Ciprofloxacin’s effectiveness. 
Similarly, there can be major drug interactions if 
Digoxin and Amiodarone are taken together. This 
combination can lead to increased Digoxin toxicity. 
In general, among the different types of DIs, the 
DDIs gain more importance because of their high 
incidence rate and the serious outcomes. 
        
Mechanism behind DDIs: DDIs can arise in 
numerous ways. A wide array of pharmacodynamic 
interaction exists, in which effects of different agents 
on receptors interacts to produce synergy or 
antagonistic effects. In pharmacokinetic interaction, 
the blood levels of given agents may be raised or 
lowered. Two key systems that significantly 
influence drug levels have been found, namely the 
CYP450 and the P-glycoprotein transporters. 1,26    
       
Important interactions include the interactions which 
affects the CYP450 super family. These enzymes are 
responsible for the metabolism of the majority of 
pharmaceutical agents. Variations and alterations in 

CYP450 function have been implicated in minor and 
also in catastrophic adverse drug interactions to 
medications at therapeutic doses. CYP450 enzyme 
inhibition can be classified as either reversible or 
irreversible. The most common one is  also called 
competitive inhibition. This inhibition is of transient 
type and the enzyme returns to normal activity once 
the inhibitor has been cleared. In irreversible 
inhibition, the enzyme structure is altered so that 
there is permanent enzyme inactivation. Enzyme 
activity can be restored only by synthesis of new 
enzymes.  Similarly, enzyme induction refers to an 
increase in enzyme activity. Induction results  from  
either increased production of enzyme (through 
enhanced transcription and translation) or through a 
reduction in the natural rate of enzyme breakdown.26 
Most clinically significant drug interactions are 
caused by Phase I hepatic microsomal enzymes rather 
than by Phase II metabolism. 27 In general, the lower 
the therapeutic index of a drug, the more serious the 
potential consequences of drug interactions affecting  
its metabolism.13 Few examples listing the various 
mechanisms of drug interactions are given below in 
the table below.   
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Table 2: Types of interactions 4, 14, 28, 
Types on 

interactions 
Mechanism Examples 

  
Pharmacokinetic 
interactions  

inhibition of absorption Ciprofloxacin chelates with cations e.g. aluminium, 
iron.  

inhibition of the enzyme  
CYP3A4 

increased the risk of toxicity from Simvastatin, 
Carbamazepine etc 

enzyme inhibitors 
resulting in reduced drug 
effects:   

inhibitors of CYP2D6 impair the therapeutic effect 
of codeine. 

enzyme induction 
resulting in reduced drug 
effects 

induction of CYP3A4 can have profound effect on 
object drug.  

enzyme induction 
resulting in toxic 
metabolites 

induction of enzyme leading to paracetamol 
toxicity. 

altered renal elimination  renal excretion of Digoxin is altered by 
Amiodarone, Quinidine   

 
Pharmacodynamic 
interactions 

additive 
pharmacodynamic effects 

concomitant administration drugs that prolong the 
QTc interval resulting in ventricular arrhythmias. 

antagonistic 
pharmacodynamic effects 

NSAIDs may inhibit the antihypertensive effect of 
drugs as ACE inhibitors. 
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Clinically significant drug interactions: Some of the clinically significant are listed below in Table 3.       
     
Table 3: Clinically significant DDIs 

Interacting drugs Probable mechanism  Outcomes   
Warfarin-aspirin displacement of Warfarin from 

plasma albumin, inhibition of 
metabolism of Warfarin, direct 
hypoprothrombinemic effect of 
aspirin, gastric erosion  
  

potential for serious gastrointestinal bleeding. 29 
  

Warfarin- 
Sulfamethoxazole(C
omponent in Co-
trimoxazole)  

inhibition of Warfarin metabolism, 
displacement of Warfarin from 
protein binding sites  
 

concurrent use of Warfarin and Sulfamethoxazole 
may result in an increased risk of bleeding. 30 

Warfarin-Macrolides decreased Warfarin metabolism  
 

there will be increase effect of Warfarin with 
potential for bleeding. 31 

Phenytoin-
Carbamazepine 

inhibition of Cytochrome P450 2C19-
mediated metabolism of Phenytoin by 
Carbamazepine  
 

concurrent use of Phenytoin and Carbamazepine 
may result in increased Phenytoin concentrations 
and decreased Carbamazepine concentrations. 32  

Phenytoin-
Phenobarbitone 

induction or inhibition of phenytoin 
metabolism  
 

concurrent use of Phenytoin and Phenobarbital may 
result in increased or decreased Phenytoin levels. 33 

ACEIs-Potassium 
supplements 

lowered aldosterone levels  
 

elevated serum potassium level. Inhibition of ACE 
results in decreased aldosterone production and 
potentially decreased potassium excretion. 34 

ACEIs-
Spironolactone 

increased potassium retention 
secondary to lowered aldosterone 
levels  

there may be elevated serum potassium level. 35 

Digoxin-
Amiodarone 

inhibition of p-glycoprotein by 
Amiodarone, and reduction of 
Digoxin clearance  

may lead to Digoxin toxicity. 36 

 Digoxin-Verapamil  inhibition of renal and/or extrarenal 
Digoxin clearance  

can lead to Digoxin toxicity. 37 
 

Sulfonyl ureas- 
NSAIDs  

displacement of Glibenclamide from 
plasma protein binding sites.   

concurrent use of Glibenclamide and Aspirin may 
result in increased risk of hypoglycemia. 38 

Theophylline-
Quinolones 

decreased clearance of Theophylline  
 

can lead to Theophylline toxicity. 39 

Warfarin- 
Omeprazole  

decreased Warfarin metabolism  may result in elevation of International Normalized 
Ratio, serum values and potentiation of 
anticoagulant effects. 40 

 
 
 
Common drugs causing interactions: 
Anticoagulants, some antidiabetic drugs, particularly 
sulphonylureas, anticonvulsant drugs, tricylic 
antidepressants, antiarrhythmic drugs including 
Digoxin, NSAIDs including Aspirin, Neuroleptic 
drugs and Lithium, many anticancer and 
immunosuppressive agents and theophylline are some 
of the drugs that are commonly known to cause 
interactions. 15   
           

IV. Miscellaneous DIs: This includes interaction of 
drugs with dietary supplements, food and beverages, 
cigarette smoke etc.   
   
Vitamin K is present in many vegetables. It promotes 
production of blood-clotting factors that may reduce 
the effectiveness of anticoagulants medicines like 
Warfarin. There have been also reports of reduction 
in the efficacy of Warfarin with intake of huge 
quantities of ice cream.41  
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Vitamin B6 (Pyridoxine) found in avocados, beans, 
peas, sweet potatoes, bacon, beef liver, pork, tuna, 
and some nonprescription vitamin-mineral products, 
increases the metabolism of Levodopa, producing 
decreased blood levels of Dopamine and 
parkinsonism effects. 42 

 
Concurrent use of Theophylline and tobacco may 
result in decreased theophylline concentrations. 
Theophylline doses may need to be reduced by 25% 
to 33% after discontinuation of tobacco smoking. 
Monitoring of theophylline plasma concentrations 
may be necessary to optimize therapy.43 
   
Clinical management of DIs: Clinical management 
of drug-drug interactions should include prospective 
study on concurrent diseases and drugs being given 
to the patients. Follow-up monitoring of a patient’s 
therapy and making appropriate adjustments in the 
drug regimen can circumvent potentially significant 
drug interactions. 15  
     
Recognizing DIs:  DIs have an enormous impact on 
patient care and the pervasively poor recognition of 
DDIs is a part of the problem. In order to treat the 
patient safely and in a competent manner the 
concerned physicians should be aware of DDIs and 
should be able to detect them. DIs are more likely in 
elderly patients and in patients with renal and hepatic 
impairment. Any agent with low to medium 
therapeutic index can have its blood level 
dangerously increased through DDIs.1 It should be 
noted that adverse drug interactions are predictable 
and therefore preventable. 15  
   
Strategies to prevent DDIs: Drug therapy becomes 
more complex as the diseases progress and because 

many patients are being treated with two or more 
drugs, the chances of DDIs increase. Hence, keeping 
complete and current medication records of the 
patients, closer monitoring and supervision of drug 
therapy is needed so as to prevent the problems and 
detect them at an early stage in their development. In 
order to reduce the occurrence of DDIs always 
identify the patient risk factors, take a through 
history, be knowledgeable about the drugs being 
used, consider therapeutic alternatives when possible 
and always educate the patients, monitor and 
individualize the therapy.14 

 For the prevention of the DDIs: 
       
1. one should be able to detect and recognize the drug 
interaction related signs and symptoms.  
2. It is always better to choose a drug with higher 
therapeutic index provided they are of comparable 
efficacy.  
3. Therapeutic drug monitoring for the drugs with 
narrow therapeutic index is always advisable. 
4. As the number of drugs per prescription increases 
so does the risk of drug interactions, It is always 
necessary to optimize the number of drugs per 
prescription. Even if in the situation, where the 
interacted drugs have to be given, proper monitoring 
of the relevant interaction outcomes and taking 
subsequent measures to minimize them, can decrease 
drug interaction related risks.  
    
Obtaining information on DIs: Various sources of 
drug information can be referred so as to make the 
therapeutic decisions more patient oriented.  Various 
sources of drug information are listed below in table 
4. Since the data regarding DIs are huge and keeps on 
changing, there is a need for the availability of 
unbiased drug information.  

              
 
       Table 4: Sources of information on drug interactions 

Sources Comments 
Martindale: the 
extra 
pharmacopoeia 

provides information on drug interactions along with a monograph of individual 
drugs.  It also gives information regarding the management of DIs. 

American Society 
of Health System 
Pharmacists 
(AHFS)  

gives the effect of drug interaction on the hepatic clearance and significant 
interacting combinations.  

Micromedex Drug-
Reax 

it’s a software which classifies drug interaction based on their onset, severity and 
documentation 

British National 
Formulary  (BNF) 

lists the drug interactions of various drugs in its appendix 

Nepal Drug 
Review (NDR) 

has a section on  drug interactions   
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Drug interaction with over the counter (OTC) 
medication: OTC medications are the ones that are 
dispensed from pharmacy without a prescription. Due 
to the hilly terrain in Nepal, the poor socioeconomic 
status, the high cost of modern medicines and non-
availability of doctors in rural areas, difficulties arise 

in accessing modern healthcare. Drug retail shops 
frequently serve as the public's first point of contact 
with the healthcare system, leading to the practice of 
self-medication.44 Self medication can attribute to the 
occurrence of DIs. Some of the common DIs that can 
occur with the OTC medications is listed in table 5.  

 
    
    Table 5: Drug interaction with OTC medications  

    OTC Drug Interactions and outcomes 
Acetaminophen concurrent use of Acetaminophen and Phenytoin may result in decreased 

Acetaminophen effectiveness and an increased risk of hepatotoxicity.  45 

 
concurrent use of Acetaminophen and Zidovudine may result in neutropenia; 
Acetaminophen toxicity (hepatotoxicity) 46 
 
concurrent use of Isoniazid and Acetaminophen may result in an increased risk of 
hepatotoxicity. 47 
 

Aspirin concurrent use of Aspirin and Ibuprofen may result in decreased antiplatelet effect of 
Aspirin.48 
 
concurrent use of Heparin and Aspirin may result in an increased risk of bleeding. 49 
 
concurrent use of Aspirin and Enalapril may result in decreased effectiveness of 
Enalapril. 50 
 

Ibuprofen  concurrent use of Methotrexate and Ibuprofen may result in an increased risk of 
Methotrexate toxicity (leukopenia, thrombocytopenia, anemia, nephrotoxicity, 
mucosal ulcerations). 51 

  
concurrent use of Phenytoin and Ibuprofen may result in an increased risk of 
Phenytoin toxicity (ataxia, hyperreflexia, nystagmus, tremor), especially in renally 
impaired patients. 52 
 

Omeprazole  concurrent use of Digoxin and Omeprazole may result in an increased risk of Digoxin 
toxicity (nausea, vomiting, and arrhythmias). 53 
 
concurrent use of Alprazolam and Omeprazole may result in benzodiazepine toxicity 
( CNS depression, ataxia, lethargy).54 
 

concurrent use of Ampicillin and Omeprazole may result in reduced Ampicillin 
bioavailability. 55 

 
Ranitidine 
 

concurrent use of Ranitidine and Ketoconazole may result in decreased Ketoconazole 
effectiveness. 56 

 
concurrent use of Ranitidine and Metformin may result in an increase in Metformin 
plasma concentrations. 57 
 
concurrent use of Ranitidine and Theophylline may result in Theophylline toxicity 
(nausea, vomiting, palpitations, seizures). 58 
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In general, before taking an OTC medication a 
patient should ask the following questions to the 
healthcare providers the following questions. 59 

1. Can I take it with other drugs?  
2. Should I avoid certain foods, beverages or 

other products?  
3. What are possible drug interaction signs I 

should know about?  
4. How will the drug work in my body?  
5. Is there more information available about the 

drug or my condition (on the Internet or 
in health and medical literature)?  

 In Nepal, even the non-OTC medications can be 
obtained without having a prescription and hence the 
risk of DI is very high.   
 
Drug interaction monitoring program: Occurrence 
of drug interactions should be monitored closely in 
susceptible patients and in patients on drug 
combinations with likelihood of interactions. A team 
consisting of physician, pharmacologists, pharmacists 
and nurses should keep a close eye on the patient’s 
conditions, medication and the prognosis.  For the 
early detection and prevention of DIs there is a need 
for establishing DI monitoring programs. The DI 
monitoring program should identify the DIs 
occurring in the hospital, develop intervention 
strategies and evaluate the impact of the interaction. 
 
The identification of the DIs can be done by 
maintaining the patient profile and checking the 
interactions based on the existing literature. The 
mentioned sources in table 4 may be beneficial for 
this purpose. The interactions should be categorized 
based on their severity. Following these steps, 
strategies should be made in order to prevent the 
occurrence of interactions, at least the severe ones. 
The intervention strategies may include peer group 
discussion, discussion among the Drug and 
Therapeutics Committee (DTC) members and 
discussion with junior doctors etc.  Following the 
intervention the impact of the intervention should be 
analyzed by comparing the incidence with the pre 
intervention data.  The importance of DIs should be 
taught to the medical students, pharmacists and 
nurses so that a team effort can be made by them in 
the future. 
        
Conclusion 
Drug interactions are often neglected and not 
considered seriously. DIs alone, can be a very 
important contributory factor for the occurrence of 
adverse drug reactions and adverse drug events. As 
polypharmacy is one of the cardinal causes for DDIs, 
a thorough review of the patient condition and 
medications should be carried out before prescribing 

or while adding new drugs to their existing drug 
regimen. If a particular DI is unavoidable, the patient 
experiencing the DI should be monitored for the 
safety and efficacy of the drug provided.    
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